and galactose and arabinose as the cell wall sugars. The major fatty acids were C 16 : 0 , C 18 : 1 v9c, C 16 : 1 (v6c and/or v7c) and 10-methyl C 18 : 0 . The only menaquinone detected was MK-8(H 2 ), while the major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside and one unknown phospholipid. The G+C content of the genomic DNA was 66.9 mol%. The phenotypic and genotypic data showed that strain NIO-1009 T warrants recognition as a novel species of the genus Rhodococcus for which the name Rhodococcus enclensis sp. nov., is proposed; the type strain is NIO-1009 T (5NCIM 5452 T 5DSM 45688 T ).
The genus Rhodococcus was classified as a member of the suborder Corynebacterineae by Stackebrandt et al. (1997) and included in the family Nocardiaceae together with the genus Nocardia. The genus Rhodococcus has been phylogenetically demonstrated to be grouped in a coherent clade whose members are exclusively mycolate-containing genera (Embley & Stackebrandt, 1994) . The revived genus Rhodococcus was originally proposed on the basis of a study of actinomycetes which examined 92 characters of the test strains and grouped them according to percentage similarity (Goodfellow & Alderson, 1977) . Chemotaxonomy defining the genus Rhodococcus was described by Goodfellow (1989) and updated by Finnerty (1992) . The genus Rhodococcus has cell walls of chemotype IV, which means that the only diamino acid in the peptidoglycan is meso-diaminopimelic acid and that the major sugars are arabinose and galactose (Lechavalier & Lechavalier, 1970) . The application of molecular methods, particularly 16S rRNA gene sequencing, in parallel with improved phenotypic approaches has not only improved the classification of the genus Rhodococcus but also has greatly facilitated the discovery of novel species (Rainey et al., 1995; Goodfellow et al., 1998; McMinn et al., 2000; Gürtler et al., 2004) . Phylogenetic trees based on the 16S rRNA gene showed that members of the genus Rhodococcus can be assigned to four (Rainey et al., 1995) , or even six subclades (Gürtler et al., 2004) . The species of the genus Rhodococcus with validly published names have been isolated from a variety of sources including soils, rocks, boreholes, groundwater, marine sediments, animal dung, the guts of insects and healthy and diseased animals and plants (Goodfellow, 1989; Ivshina et al., 1981) . The genus Rhodococcus has been considerably extended with a very large number of species in the past few years, and, at the time of writing, 50 species with validly published names are recognized.
During an investigation exploring actinobacterial diversity in the marine environment of Chorao Island of Goa province, India, an actinobacterial strain, NIO-1009 T , was isolated and subjected to a polyphasic investigation to determine its taxonomic position.
Strain NIO-1009 T was isolated from a marine sediment sample taken from Chorao Island (GPS coordinates 15 u 329 340 N 73 u 559 150 E) isolated on marine agar (MA) by standard serial dilution methods. The MA plates were incubated at 30 u C for 5-7 days of incubation. Isolated colonies were purified by repeated streaking on marine agar. The purified strain was maintained on MA slants at 4 u C and as glycerol suspensions (20 %, v/v) at 280 u C. Biomass for chemotaxonomy and molecularsystematic studies was obtained following growth in shake flasks (shaken at about 200 r.p.m.) of tryptic soy broth, supplemented with the vitamin mixtures of the HV medium (Hayakawa and Nonomura, 1987) at 30 u C for 2 weeks. After primary isolation and purification on marine agar 2216 (Difco) at 30 u C for 2 weeks, the purified strain was subcultured on the nutrient agar (NA) medium and stored as slants at 4 u C and as 20 % (v/v) glycerol suspensions at 270 u C. Gram-staining was carried out by using the standard Gram reaction and cell motility was confirmed by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) . The morphological characteristics of strain NIO-1009 T were assessed by light and scanning electron microscopy (XL30, ESEM-TMP; Philips) of 24 and 72 h cultures on NA agar. Aerial spore-mass colour, substrate mycelium pigmentation and coloration of the diffusible pigments of strain NIO-1009 T were observed on ISP media as described by Dong & Cai (2001) . Growth at different temperatures (4, 10, 20, 30, 37, 45, 50 and 55 u C) was tested on nutrient broth by incubating the cultures for 72 h and measuring the OD 660 , with distilled water used as a control. The pH range for growth (pH 4, 5, 6, 7, 8, 9 , 10 and 12, using the buffer system described by Xu et al. (2005) at 1.0 pH unit intervals and NaCl tolerance (0, 1, 3, 5, 7, 9, 10, 12 and 15 % w/v) were tested at 30 u C for 72 h by culturing the strains in nutrient broth. Catalase activity, oxidase and gelatinase activities, starch hydrolysis, nitrate reduction and urease were assessed as described by Smibert & Krieg (1994) . The strain was characterized biochemically using the API CH50 and API ZYM systems (bioMérieux). NA plates were used to examine hydrolysis of starch and Tweens 20, 40, 60 and 80 [final concentrations of 1 %; (v/v)].
Extractions of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene from strain NIO-1009 T were performed as described by Li et al. (2007) . The resulting 16S rRNA gene sequence was compared with available 16S rRNA gene sequences from the NCBI GenBank database using the BLAST search to determine the phylogenetic affiliation of strain NIO-1009 T . Multiple sequence alignments with closely related actinobacteria and calculations of sequence distance levels were carried out using CLUSTAL_X (Thompson et al., 1997) . Phylogenetic analyses were performed using three tree-making algorithms, neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) . A phylogenetic tree was reconstructed using neighbour-joining from Knuc values (Kimura, 1980) using MEGA version 5.0 (Tamura et al., 2011) . The topologies of the phylogenetic tree were evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
For G+C content determination, genomic DNA was prepared according to the method of Marmur (1961) . DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC (Mesbah et al., 1989) . Hybridization was carried out based on the principles and equations described by De under the consideration of modifications carried out by Huss et al. (1983) , and the optimized fluorimetric procedure Loveland-Curtze et al.
(2011) was evaluated by using a Step One Plus Real-Time PCR system (Applied Biosystems) fitted with 96-well thermal cycling blocks. DNA dissolved in the 26SSC was used for the analysis in three independent samples. The reassociations were carried out at an optimum renaturation temperature of 75 u C (Gillis et al., 1970 , Marmur & Doty, 1962 .
In addition to the genetic relatedness of NIO-1009 T with the two closest type strains, R. kroppenstedtii DSM 44908 T and R. corynebacterioides DSM 20151 T , strains were further analysed to determine the strain specific banding pattern by arbitrarily primed PCR (AP-PCR). In this method, arbitrarily selected primers are annealed to template DNA under low-stringency conditions for the initial cycles of DNA amplifications, which allows interactions between the primers and target DNA in regions containing base mismatches. The AP-PCR fingerprinting were performed by using the M13F primer [ (220): GTAAAACGACGGCCAGT] and the following PCR program: two cycles of 94 u C for 5 min, 40 u C for 5 min and 72 u C for 5 min; followed by 40 high-stringency cycles of 94 u C for 1 min, 60 u C for 1 min and 72 u for 2 min. Amplified DNA products were resolved by electrophoresis on agarose 2 % w/v gels (Martínez-Murcia & Rodríguez-Valera, 2006) .
Diaminopimelic acid isomers and whole-cell sugars were analysed according to the procedures developed by Hasegawa et al. (1983) . The occurrence of mycolic acids was determined by TLC (Minnikin et al., 1975 (Minnikin et al., , 1980 and their chain lengths were determined as described by Klatte et al. (1994) . Polar lipids were extracted, examined by using two-dimensional TLC and identified by using standard procedures (Minnikin et al., 1984) . Polar lipids were separated by using two-dimensional TLC (silica-gel plate 60; Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, v/v) and the second was developed in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, v/v) . Total lipid material and specific functional groups were detected by using Dittmer and Lester reagent (phosphate), ninhydrin (free amino groups), Dragendorff reagent (quaternary nitrogen) and anisaldehyde-sulfuric acid (glycolipids). Menaquinones were isolated according to the protocol of Minnikin et al. (1984) and were separated by using HPLC (Kroppenstedt, 1982) . The acyl type of the peptidoglycan was determined by the method of Uchida & Aida (1977) . For analysis of fatty acids, strain NIO-1009 T was cultured on TSA at 28 u C for 72 h. Preparation and analysis of fatty acid methyl esters were performed as described by Sasser (1990) by using the Microbial Identification System (MIDI) by using the Microbial Identification software package (Sherlock Version 6.1; MIDI database: TSBA6). Non-hydroxylated fatty acids were purified, identified and quantified by gas chromatography, as described by Yassin et al. (1993) .
Cells of strain NIO-1009
T were aerobic, Gram-stain positive, non-motile rods-cocci of 1.2-2.0 mm in diameter. Strain NIO-1009 T grew well on Marine agar media, NA and moderate growth was recorded on ISP 5 and ISP 7. No aerial mycelium was formed on any media tested. After incubation on NA (pH 7.0) at 30 u C for 48 h, strain NIO-1009 T formed opaque, pale orange, circular colonies with entire margins. Scanning electron microscopes images showed the rod-shaped to coccoid cells of NIO-1009 T grown in NA medium for at 24 h to 72 h incubation (Fig.  1) . Rod-to coccoid-shaped elements are the characteristic property of the members of the genus Rhodococcus. NIO-1009 T was catalase-positive, but oxidase-negative. It grew well between 20 and 37 u C (optimum, 30 u C), at pH 6-11 (optimum, pH 7.0) and in the presence of 0-10 % (w/v) NaCl. NaCl is not required for its growth. NIO-1009 T was negative for starch, positive for urea hydrolysis and Tweens 20, 40, 60 or 80. A detailed species description is presented below. A phenotypic comparison of strain NIO-1009 T and related species of the genus Rhodococcus is presented in Table 1 and in the species description. It is evident from Table 1 that strain NIO-1009 T showed marginal differences in phenotypic properties from R. kroppenstedtii DSM 44908
T and R. corynebacterioides DSM 20151 T .
The nearly complete 16S rRNA gene sequence of strain NIO-1009 T (1374 bp) was determined and compared with the corresponding sequences of other bacterial strains in the NCBI GenBank database. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain NIO-1009 T should be assigned to the genus Rhodococcus. The phylogenetic tree, based on 16S rRNA gene sequence data from strain NIO-1009 T and corresponding sequences from the type strains of the genus Rhodococcus was reconstructed according to the neighbour-joining algorithm (Fig. 2) . The comparative analysis of 16S rRNA gene sequences and phylogenetic relationships showed that strain NIO-1009 T lies in a subclade in the tree with R. kroppenstedtii DSM 44908 T and R. corynebacterioides DSM 20151 T (supported by a bootstrap value of 100 %, Fig. 2) , with which it shares a 16S rRNA gene sequence similarity of 99.2 and 99.1 %, respectively. The affiliation of strain NIO-1009 T and its closest neighbour was also supported by the maximumparsimony and maximum-likelihood algorithms with bootstrap values of 100 % and 99.8 % (MEGA 5.0) respectively.
Chemotaxonomically strain NIO-1009
T had meso-diaminopimelic acid as the diagnostic diamino acid and galactose and arabinose in the whole-cell hydrolysate (cell-wall chemotype IV sensu Lechevalier & Lechevalier, 1970) . The non-diagnostic sugars mannose, ribose, rhamnose and glucose were also detected in the whole-cell hydrolysate. Mycolic acids were present. The acyl type in the muramic acid of the peptidoglycan was glycolyl. The major polar lipids detected were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside and one unknown phospholipid (Fig. S1 , available in the online Supplementary Material; phospholipid type II sensu Lechevalier et al., 1977) . MK-8(H 2 ) was the only menaquinone detected. The major fatty acids (.5 %) found for strain NIO-1009 T were C 18 : 1 v9c (37.6 %), C 16 : 0 (37.1 %), summed feature 3 consisting of C 16 : 1 (v6c/v7c) (10.8 %) and 10-methyl C 18 : 0 (5.2 %). Marginal differences in percentages were observed in the results of fatty acid analysis compared with two most closely related type strains R. kroppenstedtii DSM 44908 T and R. corynebacterioides DSM 20151 T . The cellular fatty acid compositions are shown in Table S1 . The observed chemotaxonomic features support the assignment of strain NIO-1009 T to the genus Rhodococcus.
The genomic DNA G+C content of the strain NIO-1009 T was 66.9 mol%. The determined DNA-DNA relatedness value between strain NIO-1009 T with R. kroppenstedtii DSM 44908 T and R. corynebacterioides DSM 20151 T were 39.5 % (±3.2 %) and 41.7 % (±2.5 %) respectively (with standard deviations in triplicate). DNA hybridization results indicated that, values of hybridizations were well below the 70 % cut-off point for recognition of novel genomic species (Wayne et al., 1987) , thus suggesting the strain NIO-1009 T should be considered as representing a novel species of the genus Rhodococcus. Furthermore, AP-PCR amplicon fingerprint profiles showed marked differences in the banding patterns between strains NIO-1009 T with R. kroppenstedtii DSM 44908
T and R. corynebacterioides DSM 20151 T (Fig.  S2) . The distinct banding patterns found among these strains indicated that the AP-PCR yielded a species-specific banding pattern for the genus Rhodococcus.
Therefore, phenotypic, chemotaxonomic and phylogenetic characteristics described above distinguished strain NIO-1009 T from its closest phylogenetic relatives. Besides low DNA-DNA relatedness to its closest neighbours, the strain was also distinguished by several phenotypic properties as mentioned in the represents a novel species of the genus Rhodococcus, for which the name Rhodococcus enclensis sp. nov. is proposed.
Rhodococcus enclensis sp. nov.
Rhodococcus enclensis (en.clen9 sis. N.L. masc. adj. enclensis arbitrary name formed from NCL, the acronym for the National Chemical laboratory, India, where taxonomic studies on this species were performed). smooth, glistening and convex. Catalase is produced, oxidase is not produced. Capable of growing well with 9 % and up to 10 % NaCl but not with 12 % or 15 % (w/v) NaCl. Temperature range for growth is 20-37 u C, with optimum growth at 30 u C; does not grow at 42 u C and above. pH range for growth is 6.0-11.0, with optimum growth at pH 7.0. Positive for hydrolysis of aesculin, urea, Tween 20, 40, 60, 80 and testosterone, but negative for hydrolysis of starch, casein and gelatin. Acid is produced from raffinose, myo-inositol, lactose and L-rhamnose, but not from cellobiose, D-galactose, D-glucose, D-fructose, maltose, D-xylose, L-arabinose, mannose, salicin and sucrose. Negative for methyl red and VogesProskauer reactions and positive for nitrate reduction. Positive for utilization of L-arginine, L-serine, L-methionine, L-histidine, L-proline, L-phenylalanine and potassium nitrate as sole nitrogen sources. Positive for utilization of sodium lactate, sodium gluconate L-rhamnose, salicin and p-hydroxybenzoate and p-hydroxybenzoate as sole carbon sources. Diagnostic cell wall amino acid is meso-diaminopimelic acid. Diagnostic cell wall sugars are arabinose and galactose as wall type IV. The acyl type in the muramic acid of the peptidoglycan is glycolyl. Mycolic acids contain 42-50 carbon atoms. The fatty acid profile mainly consists of straight chain saturated, unsaturated and 10-methylbranched fatty acids. The major fatty acids are C 18 : 1 v9c, C 16 : 0 , C 16 : 1 (v6c/v7c) and 10-methyl C 18 : 0 . The major quinone is MK-8(H 2 ). The major polar lipids detected are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside and one unknown phospholipid.
The type strain, NIO-1009 T (5NCIM 5452 T 5DSM 45688 T ), isolated from marine sediment sample in Chorao Island, Goa, India. The DNA G+C content is 66.9 mol%.
